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OWER SOCIOECONOMIC STATUS
(SES) is associated with allcause as well as cardiovascular morbidity and mortality. [1] [2] [3] [4] [5] [6] [7] [8] [9] The biological and behavioral mediators underlying this association are uncertain. 5, [10] [11] [12] [13] [14] [15] Previous work suggests that individuals with lower SES may have fewer options for safe outdoor exercise, purchase less healthy foods, and have greater exposure to tobacco vendors and tobacco-related public advertisements. [16] [17] [18] [19] These characteristics have the potential to contribute to impaired functional capacity and autonomic dysfunction, both of known prognostic importance. 1, [20] [21] [22] [23] We hypothesized that functional capacity and heart rate recovery, a measure of autonomic function, are associated with lower SES and may account for a portion of the SES mortality differential.
METHODS
Study Design
Study participants were consecutive patients who came from 7 adjacent counties in northeast Ohio (Cuyahoga, Lake, Geauga, Portage, Lorain, Medina, and Summit) and were referred for symptom-limited treadmill exercise testing at the Cleveland Clinic from 1990 to 2002, for evaluation of known or suspected coronary artery disease. The Cleveland Clinic and its regional practice satellites are a closed institution; only physicians employed by the clinic can refer patients for stress testing. Patients were excluded if they lacked a valid address or a US Social Security number. Other exclusions were end-stage renal disease, prior pacemaker implantation, symptomatic heart failure, atrial fibrillation, organ transplantation, or use of digoxin. If patients had more than 1 stress study performed, only the first was included. The institutional review board of the Cleveland Clinic approved this study, and the requirement for written informed consent was waived.
Before testing, patients underwent a detailed interview and chart review regarding home address, cardiovascular risk factors, history, symptoms, previous cardiac procedures, other medical diagnoses, and medication use as previously described. 24 Race and ethnicity were based on self-report. During each stage of testing, we noted heart rate, blood pressure, electrocardiographic changes, symptoms, and arrhythmias. All clinical and exercise data were recorded prospectively online as part of routine clinical reporting.
Exercise Variables
Functional capacity in metabolic equivalents (estimated exercise capacity where 1 metabolic equivalent = 3.5 mL/kg/min of oxygen consumption) was considered impaired if it fell in the lowest quartile for each sex and decade of age (eg, men aged 40-49 years, women aged 40-49 years). Heart rate recovery was considered abnormal if after 1 minute following peak exercise, the heart rate did not fall by more than 12/min; among patients undergoing stress echocardiography, the cutoff value was more than 18/min. [25] [26] [27] Individuals responsible for conducting each test and obtaining baseline and exercise variables were blinded to study objectives and subsequent outcomes.
SES Score
Information regarding SES was primarily assessed by matching each patient's home address to his/her census block, a geographical unit containing approximately 1000 residents, as obtained from the 2000 US Census. 28 We used a previously validated approach to calculate a composite SES score using 6 census block characteristics (median household income; median value of housing unit; proportion of households receiving interest, dividend, or net rental income; the proportion of adults aged 25 years or older who had completed high school; proportion of adults aged 25 years or older who had completed college; and the proportion of employed persons aged 16 years or older in executive, managerial, or professional specialty occupations). 3 Derivation of this score, described in detail elsewhere, 3 involves normalizing each of the 6 components around 0, which represents the average value across all census blocks. Previous work in population-based cohorts demonstrates the value of this score as an independent predictor of cardiovascular risk. 3 To assess the sensitivity of our analyses to the measure of SES used, we also tested models using a composite based on 1990 census data and a simpler measure of poverty: the proportion of residents in each census block with incomes below the federally defined poverty level. 29 As supplementary measures of SES, we obtained available data on medical insurance, the distance between a patient's home and the clinic, and employment status.
End Points
The primary end point was all-cause mortality, which we have described previously as an objective, unbiased, and clinically relevant outcome. 30 Mortality was assessed by querying the Social Security Death Index; we and others have previously shown that this approach yields a high sensitivity and specificity for classifying deaths. 26, 31 The censoring date was February 1, 2004.
Statistical Analysis
For descriptive purposes, the distribution of SES scores was divided into quartiles. Multivariable logistic regression models assessed the association between SES score, considered as a continuous variable, and both impaired functional capacity and abnormal heart rate recovery, adjusting for sex, race, type of medical insurance, current smoking status, diagnosis of hypertension, type 1 and 2 diabetes mellitus, history of myocardial infarction, coronary artery bypass graft surgery, percutaneous coronary intervention, cerebrovascular accident, peripheral vascular disease, and current use of aspirin, ␤-blockers, angiotensin-converting enzyme inhibitors, or lipid-lowering medications. We also adjusted for age, body mass index (calculated as weight in kilograms divided by the square of height in meters), resting heart rate, and blood pressure, all as continuous variables. To account for differences in patients' ability to obtain medical evaluation at our health care facility, we calculated the lineal distance from individual's home to the Cleveland Clinic using Arc View geographic information software system version 3.0 (ESRI, Redlands, Calif).
Smooth curvilinear models were fit for continuous variables using restricted cubic natural splines. 32 Bootstrapping was used to account for clustering within each census block using the bootcov function of Harrell's Design library 32 ; results were confirmed by frailty analyses. 33 Interaction terms between functional capacity and age, race, smoking status, and body mass index were tested based on prior observations and potential mechanistic links. 34, 35 Additional bootstrapping procedures calculated a concordance statistic to assess model discrimination and to generate plots of observed vs predicted values as a measure of model calibration. Bootstrapping allowed for formal assessment of possible overfitting, which for all models turned out to be trivial; the reported c-statistics have been "optimism corrected," meaning that they were penalized for any overfitting. Absence of collinearity was ensured by calculation of variance inflation factors.
An association between SES score and all-cause mortality was confirmed using Kaplan-Meier curves and Cox proportional hazards modeling adjusting for baseline variables, revascularization within 90 days of testing, functional capacity, and heart rate recovery. Again, restricted cubic splines were ap-plied to continuous variables and bootstrapping methods were used to account for clustering within census blocks. The proportional hazards assumption was tested by calculating weighted Schoenfeld residuals and by inspecting hazard ratio (HR) against time plots for selected variables. Good model discrimination was confirmed by concordance statistic for rightcensored data of 0.82, while model calibration was assessed by plots of observed vs predicted values derived from 200 bootstrap resamplings. 36 Since individuals with lower SES may encounter greater barriers in obtaining care despite having characteristics or engaging in behaviors that increase risk for cardiovascular disease, we created a propensity score based on the variables shown in TABLE 1. 6, 9, 10, 37 This score was then used to match individuals with the lowest and highest quartiles of SES score. To further account for the influence of important clinical risk factors, supplemental analyses adjusted for left ventricular ejection fraction, ischemia, and scar in patients who underwent exercise stress echocardiography.
To quantify the relative contribution of functional capacity and heart rate recovery to the observed association between SES and mortality, we used the formula 38 :
(HR SES − HR SESϩ functional capacityϩ heart rate recovery ) /(HR SES − 1)
where HR SES represents the hazard ratio for mortality adjusted for all patient characteristics other than functional capacity and heart rate recovery and HR SESϩfunctional capacity ϩ heart rate recovery reflects the hazard ratio for mortality including these physiological characteristics.
Analyses were performed using SAS statistical software version 9.1 (SAS Institute Inc, Cary, NC) and S-plus statistical software version 7.0 (Insightful Corp, Seattle, Wash). Multivariable regression models and related diagnostics were assembled using the Design and HMisc libraries of Harrell. All tests were 2-tailed; PϽ.05 was considered significant. (12) 45 (9) 55 (8) 68 (7) Adult residents who completed high school, %
73 (11) 87 (4) 92 (3) 96 (3) Adult residents who completed college, %
10 (6) 25 (9) 39 (9) 61 (11) Employed residents with executive, managerial, or professional occupations, %
22 (8) 35 (7) 46 (7) 61 (8) Individuals below poverty level, median (range), % (41) 3242 (43) 3651 (48) 4081 (55) Unemployed 762 (10) 575 (8) 475 (6) 390 (5 Patients in the lowest quartile of SES score were more likely to be from racial or ethnic minority groups, to have higher body mass index, and to have diabetes, hypertension, or previously documented cardiovascular disease (Table 1 ). In addition, these individuals lived closer to the main campus, were more likely to be unemployed, more likely to be covered by Medicare and Medicaid, and less likely to have commercial fee-for-service or managed care insurance.
Exercise Characteristics
The most common clinical indications for exercise testing in the study sample were diagnostic assessment for coronary artery disease (74%) and follow-up for coronary artery disease (18%). Resting hemodynamic and exercise findings according to quartiles of SES score are shown in TABLE 2. As SES score decreased, maximum metabolic equivalents and heart rate recovery also declined.
Association of Functional Capacity With SES
Impaired functional capacity was more common with lower SES score (Table 2 and TABLE 3, FIGURE 1). After adjusting for multiple potential confounders, this association remained robust (Table 3) . Also, in a series of stratified analyses, this association remained consistent among subsets of age, sex, race, type of ordering physician, date of test, selected risk factors, and non-use of ␤-blockers. Even within the lowest and highest quartiles of SES score, a strong gradient between the score and impaired functional capacity was noted (Table 3 ). We noted a strong age interaction (Figure 1) , whereby the association between SES score and functional capacity weakened as age increased (P for interaction=.001).
Association of Heart Rate Recovery With SES
As SES score decreased, the likelihood of an abnormal heart rate recovery increased (Table 2 ), although to a lesser degree than observed with impaired functional capacity; also, this association was noted in most subgroups (Table 3) . We noted no important interactions with factors known to be associated with autonomic disturbance, such as body mass index and smoking (FIGURE 2), but there was an interaction with black race (P for interaction = .007). The bootstrap c-statistics for models of functional capacity and heart rate recovery were 0.81 and 0.72, respectively.
Association of SES With Mortality
During a median follow-up of 6.5 years, there were 2174 deaths. The proportions of patients who died ranged from 10% among individuals in the lowest quartile of SES score to 5% with the highest SES scores (FIGURE 3) We observed a similar pattern of findings when focusing on the 112 indi- 3106 (41) 1887 (25) 1382 (18) 866 (12) Resting heart rate, mean (SD), beats/min 75 (14) 75 (14) 75 (13) 73 (13) Peak heart rate, mean (SD), beats/min 152 (22) 155 (22) 158 (21) (27) 187 (27) 187 (27) Heart rate recovery, mean (SD), beats/min † Exercise electrocardiogram/ nuclear only 18 (9) 18 (8) 19 (9) 20 (9) Exercise echocardiography only 30 (12) 30 (12) 31 (11) 33 (12) Abnormal heart rate recovery, No. (%)
1831 (24) 1560 (21) 1312 (17) 1049 (14) Abbreviation: SES, socioeconomic status. *Metabolic equivalents refer to estimated exercise capacity where 1 metabolic equivalent = 3.5 ml/kg/min of oxygen consumption. †Heart rate recovery is defined as heart rate at peak exercise minus heart rate at 1 minute into recovery.
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©2006 American Medical Association. All rights reserved. viduals who died within 6 months of testing. The unadjusted HR relating SES score to 6-month risk of death was 1.32 (95% CI, 1.03-1.69; P=.03); addition of clinical variables reduced the statistical significance but not the magnitude of this association (adjusted HR, 1.31; 95% CI, 0.93-1.85; P = .12). After adding the exercise variables, the association was markedly attenuated (adjusted HR, 1.05; 95% CI, .74-1.49;
P=.80).
We noted an interaction between SES score and functional capacity in our model predicting death (P for interaction=.01), in which the correlation between SES score and death was stronger among individuals with lower Abbreviations: CI, confidence interval; OR, odds ratio; SES, socioeconomic status. *SES score along with all other noncategorical covariates were considered as continuous variables with use of restricted cubic splines to account for nonlinearity. †All odds ratios are adjusted for variables listed in Table 1 (except employment, which was limited to 1 sensitivity analysis). Odds ratios provide effect sizes for a decrease from the 75th percentile value of SES score to the 25th percentile. ‡For impaired functional capacity, there was a significant interaction with age (P = .001). §For abnormal heart rate recovery, there was significant interaction with black race (P = .007). For model of patients with known employment status, this was added as a categorical confounder. Values are based on logistic regression models. Using the convention of Harrell, continuous variables are set to median values while categorical variables are set to modes. Impaired functional capacity is defined as lowest quartile of metabolic equivalents (1 metabolic equivalent=3.5 mL/kg/min of oxygen consumption) for sex and decades of age. Dotted blue lines indicate 95% confidence intervals.
functional capacity than among those with exercise capacity in the highest quartile (FIGURE 4A and Figure 4B ). Similarly, age interacted with functional capacity (P for interaction Ͻ.001) with a greater association between SES score and mortality among younger individuals ( Figure 4A and Figure 4B ).
Propensity Analyses
We were able to successfully match 3579 patients in the lowest quartile of SES score with 3579 patients in the highest quartile. There was excellent matching for all characteristics listed in After accounting for selection bias in this way, we observed that being in the lowest quartile of the SES score remained independently associated with a greater likelihood of impaired functional capacity (32% vs 17%, propensity-adjusted odds ratio [OR], 2.34; 95% CI; 2.09-2.63; PϽ.001) and with abnormal heart rate recovery (23% vs 18%, propensity-adjusted OR, 1.37; 95% CI, 1.22-1.53; PϽ.001). Lower SES was predictive of increased mortality (11% vs 6%, adjusted HR, 1.84; 95% CI, 1.56-2.17; PϽ.001).
We performed a similar matched propensity analysis for all-cause mortality, in which functional capacity and heart rate recovery were also included. This increased the c-statistic to 0.85, again indicating very good discrimination. We were able to successfully match 3382 patients in the lowest quartile to 3382 patients in the highest quartile. In this propensitymatched cohort there were 553 deaths. Although we observed that being in the lowest SES score quartile was associated with an increased risk of death, the association was 44% weaker than the 7513 7444  5845 5023 4324 3701 3111 2576 2016 1356 0844 463  6717  1st Quartile  7501 7419  5958 5180 4476 3839 3272 2746 2202 1636 1128 629  6753  2nd Quartile  7566 7523  6139 5438 4757 4123 3518 2978 2473 1922 1368 780  6881  3rd Quartile  7463 7424  6204 5525 4869 4230 3674 3155 2656 2129 1525 849  6859  4th Quartile   Quartile   1   2   3   4 Error bars indicate 95% confidence intervals. Values are based on logistic regression models. Continuous variables are set to median values while categorical variables are set to modes. Heart rate recovery was considered abnormal if the heart rate failed to fall by more than 12/1 min from peak exercise; this cutoff value was 18/min for patients undergoing exercise stress echocardiography. Body mass index is calculated as weight in kilograms divided by the square of height in meters. Dotted blue lines indicate 95% confidence intervals.
SOCIOECONOMIC STATUS, FUNCTIONAL CAPACITY, AND HEART RATE RECOVERY ©2006 American Medical Association. All rights reserved. propensity-matched analysis that did not account for exercise variables (10% vs 7%, propensity-adjusted HR, 1.47; 95% CI, 1.24-1.74; PϽ.001).
Supplemental Analyses
Analyses based on 1990 census data and a simpler measure of poverty (ie, proportion of residents with incomes below the poverty level) yielded similar results to those using data from the 2000 census. Further subgroup analyses adjusting for left ventricular ejection fraction and presence of ischemia or scar had no significant impact on the associations between SES score, functional capacity, heart rate recovery, and mortality. When we accounted for clustering by physician ordering location instead of census block, we obtained materially similar results (Table 3) . Among the 24 731 patients with known employment status, SES score was independently associated with impaired functional capacity and heart rate recovery (Table 3) 
COMMENT
In a large clinical cohort of patients referred for exercise stress testing for evaluation of known or suspected coronary artery disease, we identified independent associations between SES and functional capacity, and heart rate recovery. These physiologic characteristics accounted for a substantial portion of the association between SES and all-cause mortality. The current findings support strategies that extend targets for interventions beyond purely biological characteristics of individuals to those addressing social or economic factors that influence health.
The 2 physiological indicators were selected for several reasons based on basic, clinical, and epidemiological research. Functional capacity has been mechanistically linked to obesity, hypertension, inflammation, and insulin resistance, 16, 20, 39, 40 and has been used to assess cardiovascular risk in many settings. 24, [41] [42] [43] [44] Heart rate recovery reflects autonomic function and has been associated with glucose intolerance, insulin resistance, the metabolic syndrome, smoking, education level, and all-cause mortality. 22, 34, 35, [45] [46] [47] [48] [49] [50] Autonomic dysfunction has been linked to inflammation, psychosocial stress, and depression, conditions that are prevalent in economically disadvantaged individuals. 21, 22, [50] [51] [52] [53] Both physiological characteristics are potentially modifiable. Myers et al 42 found that each 1 metabolic equivalent increase in functional capacity conferred a 12% survival improvement. Observational studies have also shown that heart rate recovery improves following cardiac rehabilitation. 48, 54 Our findings may have important public health implications. First, functional capacity and heart rate recovery may be particularly useful for identifying economically disadvantaged patients who are potentially at greatest risk. Such an inclusive approach to risk assessment, combining individual clinical data with SES factors, may have the added benefit of reducing wellrecognized disparities in health outcomes associated with economic disadvantage, a goal outlined in the Healthy People 2010 report and in a report on health care delivery in the United States issued by the Institute of Medicine. 55, 56 Second, use of these physiological characteristics may also prove valuable as a means of monitoring the effectiveness of communitybased interventions to reduce disparities in mortality. Third, given the link between functional capacity, heart rate recovery, and mortality, our data lend support to a public policy approach that invests in, for example, recreational facilities. We identified several interactions between sociodemographic variables and functional capacity that should serve as the basis for future study. We observed a stronger association between SES score and functional capacity among younger individuals (Figure 1) . Similarly, there was an age interaction between SES and mortality, whereby the association between SES score and mortality was significantly stronger for younger individuals ( Figure 4A and Figure 4B ). These findings are consistent with findings from a large European cohort in which the associations of SES and ischemic heart disease mortality were less marked among older patients. 57 Although mechanisms for these interactions are uncertain, potential hypotheses include better coping skills at older ages, perhaps due to having lived longer under unfavorable socioeconomic circumstances, and increased access to health care through public insurance programs available to older individuals. Finally, we observed a strong interaction between functional capacity, SES, and mortality ( Figure 4A and Figure 4B ).
Our study has several limitations. First, this sample included individuals referred to a tertiary care facility for exercise testing and may not represent residents of the 7-county service area who did not have the means to seek evaluation at the facility. We performed a propensity analysis and found no material change in the results. Second, these study participants may not be representative of the US population, mandating further investigation using different patient populations. Third, we cannot conclude that our observed associations are causal. Fourth, we had limited direct measures of individual SES, namely insurance status, distance from home to hospital, and employment for a subset; we did not have information about measures that sometimes serve as proxies for an individual's SES including educational attainment, income, and home ownership. 8, 28, 29 Fifth, we were unable to account for patient migration from or to neighborhoods, an occurrence that may have introduced variable exposure to neighborhood effects and the outcomes we studied. We suspect, however, that the mobility of participants in our study would have attenuated the true association between the factors we studied. Finally, it is conceivable that some of the variables we treated as confounders, such as blood pressure, may actually be part of a causal mechanistic pathway linking SES with physiological abnormalities. If true, this would make our estimates conservative. The association between SES, functional capacity, and heart rate recovery represents a potential explanatory mechanism for greater all-cause mortality among individuals who are impoverished. In clinical practice, however, SES often receives little attention. 2, 6, 28, 58 If confirmed in other settings, our report of independent associations between SES, prognostically important physiological measures, and mortality argue for a greater degree of attention to socioeconomic factors in routine clinical risk stratification. From a health policy perspective, our results also support the value of currently ongoing community-based interventions to enhance economic conditions as a means of improving health. 5 9 , 6 0 Although these studies have not yet demonstrated effects on mortality, an approach that explicitly addresses the contribution of adverse socioeconomic exposures to health represents a promising strategy for reducing poverty-related health disparities.
